The urban matrix was recently shown to be a mosaic of heterogeneous dispersal habitats. 38 We conducted a playback experiment of mobbing calls to examine the probabilities of forest 39 birds to cross a distance of 50 m over urban matrix with different land-cover types in an urban 40 area. We treated the reciprocal of the crossing probabilities as a movement resistance for forest 41 birds. We drew resistance surfaces based on the land-cover maps of urban XXX. We applied a 42 circuit theory to examine the relative role of a detour route consisting of a riparian corridor and 43 urban matrix for dispersing forest bird individuals from continuous forest to an isolated green 44 space in the midst of an urban area. Our results showed that wood cover had the highest 45 crossing probability, while open land (grassland and pavement) had the lowest probabilities. 46 Buildings and water surface displayed an intermediate probability. Resistance surfaces and flow 47 48
maps at 25-and 50-m resolutions were very similar and suggested that dispersing individuals
Introduction
The study was conducted in the cities of Sapporo (43 3N, 141 20E), Ebetsu and Ishikari, 140 Hokkaido, northern Japan. Sapporo is the fourth largest city in Japan, with a population of 1.93 141 million. Continuous forest, which acts as a source habitat for many forest species, spreads 142 across the southeast parts of Sapporo (Fig. 1 ). The campus of XXX and its botanical garden 143 contains native woodlands that exist as forest remnants and also have extensive tree plantings. 144 The large number of forest birds has been observed in these woodlands (xxx). A riparian forest 145 corridor extends from the continuous forest to the botanical garden, making a detour to the 146 north ( Fig. 1) . The urban matrix between the continuous forest and the botanical garden consists 147 primarily of buildings and roads. Yamanote is located at the east end of the continuous forest, 148 and was used as the source node in the application of circuit theory while the botanical garden 149 of XXX was treated as the end node ( Fig. 1 ).
150
Color aerial photographs taken after 2007 and provided by the Geographical Survey
151
Institute of Japan were used to select survey plots. Based on the aerial photographs, we 152 categorized the landscape into five land-cover types (wood cover, grassland, pavement, 153 buildings and water surface) which are common in this urban landscape. Grassland included 154 farmland that was covered by herbaceous vegetation. We selected 71 plots which were 50 × 30 m in the extent and differed in the ratio of five land-cover types (wood cover: 0 -100.0 %; 156 grassland: 0 -100.0 %; pavement: 0 -92.9 %; buildings: 0 -69.0 %; water surface: 0 -99.5 %; 157 Appendix A). These ratios were not correlated each other (|r| < 0.41). Because forest birds cross 158 non-forest gaps in straight lines to reach mobbing calls (Desrochers and Hannon 1997), we 159 assumed that land-cover types more than 15 m from lines did not greatly influence the 160 gap-cross decision of birds. We confirmed such behavior in our experiments. We tried to 161 establish the plots to be at least 400 m apart. The mean, minimum, and maximum distances 162 between nearest neighbor plots were 760 m, 71 m, and 6,416 m respectively (n = 71). Each plot 163 was composed of a 50-m × 30-m rectangle, and we examined the probability of forest bird 164 individuals to cross these rectangles embedded in a complex of the land-cover types. We chose 165 50 m because gap-cross probabilities can be clearly differentiated at around this distance (e.g., 166 Tremblay and St. Clair 2009). Each plot met the following two conditions ( greatly affect the current flows. We predicted that forest birds would move through the urban 323 matrix in heterogeneous urban landscapes using multiple pathways (extensively elongated ellipse-shaped areas) rather than a single route. Furthermore, mean current density of the List of tables Table 1 Result of logistic regression for two models.
We first constructed the logistic regression model with five explanatory variables, and next constructed the model with four explanatory variables by treating grassland and pavement as a single land cover type (open land). 1 Coefficients of logistic regression analysis to represent crossing probabilities (at logit scale). 2 Estimated crossing probabilities derived from the mean estimates of regression parameters (β): = 1/(1+exp(-β)). 3 95% confidence intervals (CIs) of the crossing probabilities derived from the CIs of regression parameters. 4 90% confidence intervals (CIs) of the crossing probabilities derived from the CIs of regression parameters. 5 Movement resistance (1 / crossing probability). 6 In four variables model, the grassland and the pavement were integrated into the open. Table 2 . Current densities flowing thorough a whole study area and riparian corridor. 1 Number of grid cells within the whole study area and riparian corridor in the 25 m resolution resistance surface. 2 Total amounts of current density. 3 Mean current density per grid cell.
Note that riparian corridor was included in the total area. We first constructed the logistic regression model with five explanatory variables, and next constructed the model with four explanatory variables by treating grassland and pavement as a single land cover type (open land). 1 Coefficients of logistic regression analysis to represent crossing probabilities (at logit scale). 2 Total amounts of current density. 3 Mean current density per grid cell.
Note that riparian corridor was included in the total area. Fig. 1 . Study area and its land-cover types.
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